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ABSTRACT
Overview: As the school going children especially the adolescents’ need workout routine; it is advisable
that the routine is imbibed in the school’s class time table. In India as growing number of schools provide
swimming as one of the recreational activities; school staff often fails to notice the boredom that is caused
by  the  same  activity.  Deep  as  well  as  shallow  water  running  can  be  one  of  the  best  alternatives  to
swimming. Hence  the  present  study  was  conducted  to  find  out  the  cardiovascular  response  in  these
individuals. Methods: This was a Prospective Cross-Sectional Comparative Study done in 72 healthy
school going students (males) grouped into 2 according to the interventions (Deep water running and
Shallow water running). Cardiovascular parameters such as Heart rate (HR), Saturation of oxygen (SpO2),
Maximal oxygen consumption (VO2max) and Rate of Perceived Exertion (RPE) were assessed. Results:
Significant improvements in cardiovascular parameters were seen in both the groups i.e. by both the
interventions. Conclusion: Deep  water  running  and  Shallow  water  running  can  be  used  to  improve
cardiac function in terms of various outcome measures used in the study.
Keywords: Deep water running, Shallow water running, cardiovascular responses.
INTRODUCTION
The importance of regular physical exercise, as part of
therapy in everyday life, has a favorable influence on
the important parameters of the cardiovascular system.
A  number  of  studies  have  also  shown  that  regular
physical exercise can decrease risk of the development
of many cardiovascular diseases and also other health
problems of both adults as well as children.
1 People
who are physically active live longer. Regular exercise
reduces the risk of dying prematurely.
2
Recommendations  for  appropriate  amounts  of
physical activity for the young population, including
school-age  youth,  have  been  developed  by  several
organizations and agencies. Although recent reviews
have  summarized  the  benefits  of  regular  physical
activity  on  the  health  of youth  and its  potential  for
reducing  the  incidence  of  chronic  diseases  that  are
manifested in adulthood, a more systematic approach
is  indicated.
1-9 These  reports  present  results  of  a
systematic  evaluation  of  evidence  dealing  with  the
effects of regular physical activity on several health
and behavioral outcomes in school-age youth, with the
goal of developing a recommendation for the amount
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of  physical  activity  deemed  appropriate  to  yield
beneficial health and behavioral outcomes.
According to the current worldwide survey, childhood
and adolescent health problems are one of the top five
problems in the world in the year 2012.
3 They also
identified that this health issue is important not only
for the health care industry but also for the health of
the  children  as  they  mature  into  adults.  The  health
industry has recognized this problem and is beginning
to mobilize with new programs aimed specifically at
children. Numerous health risks have been associated
with  adolescent  overweight,  including  hypertension,
respiratory  disease,  several  orthopedic  disorders,
diabetes  mellitus  and  elevated  serum  lipid
concentrations.
4,  5 Development of  specialized
physical  activity  programs  are  necessary  as  school
systems face the reality of cutting programs, such as
physical  education  and  recess,  to  spend  more  time
preparing for the standardized tests and examinations.
Also;  due  to  recent  advances  in  technology;  video
games  and  gaming  consoles  have  become  more
popular  than  outdoor  sports  activities  thus;  limiting
the regular physical exercise.
Current  recommendations  indicate  that  school-aged
youth should participate daily in 60 minutes or more
of  moderate-to-vigorous  physical  activity  that  is
appropriate and enjoyable; and involves a variety of
activities  including  resistance  training,  aerobic
activities such as swimming, bicycling, running and
jogging.
1, 3, 10 Program developed should be such that
it  helps  boys  and  girls  develop  competence  and
confidence  in  their  abilities  to  engage  in  different
types of physical activities. Fitness professionals who
incorporate such training into kid-friendly classes and
personal  training  sessions  need  to  understand  and
appreciate the physical and psychosocial perspective
of  children  and  adolescents.
11 Therefore,  program
design  considerations  for  developing successful
programs should be such that regular participation in a
training  program  has  the  potential  to  positively
influence many health and fitness measures.
As  the  school  going  children  especially  the
adolescents’ need workout routine; it is advisable that
the routine is imbibed in the school’s class time table.
In  India  as a  growing  number of  schools  provide
swimming as one of the recreational activities; school
staff often fails to notice the boredom that is caused
by the same activity. Deep as well as shallow water
running  can  be  one  of  the  best  alternatives  to
swimming. If  the  program is supervised  and  well
taught it can be beneficial for both physical as well as
psychological  perspectives  in  the  growth  of  the
children. But; the change following the water running
that would occur in terms cardiovascular parameters is
still  unidentified  are  not  expressed. The  evidence
shows that there are many benefits of both deep water
running and shallow water running. Since there were
no prior studies performed to compare both the above
groups; hence, it’s very important to study the changes
in the cardiovascular responses and document them.
Hence;  the  aim  of  the  study  was to  compare
cardiovascular responses after deep water running and
shallow  water  running. Accordingly  the  hypotheses
were formulated.
METHODS
There were 100 students who were screened for age,
symptoms,  and/or  risk  factors  for  any  medical
contraindications to exercise or any risk for disease.
After  finding  their  suitability  as  per  inclusion  and
exclusion criteria were requested to participate in the
study.8  students  did  not  meet  the  inclusion  criteria.
The  students  were  randomly  selected  for  the  study
with the use of random table numbers. Thus, out of 92
students 72 were selected to participate in the study.
These 72 students were explained about the study and
intervention.  A  written  informed  consent  form
previously  approved  by  the  Institutional  Ethical
committee (IEC) was obtained and was signed by the
School  Principal  and  each  student.  The  72  students
participated  in the  study.  The  demographic data  for
each student  was filed.  Pre  treatment  assessment  of
HR; SpO2, RPE, VO2max were done.
In  group  A(N=35) students  were  receiving  Deep
Water Running. It takes place in water deep enough
for students to be submersed to the neck. The use of
flotation aids, such as a buoyancy belt was used to
suspend the student so a lack of ground contact occurs
during the exercise. In Group B (N=37) students were
receiving Shallow Water Running. It was performed
in  shallow  water  typically  below  the  xiphoid  level,
where  students  run/walk  propelling  themselves
through the water.
12
Both the interventions were given for the duration of 6
weeks (3 times/ week) for 45minutes. At the end of 6
weeks  post  test  measurements  of  the  students  were139
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taken.  Data  was  collected  and  recorded. All  the
students completed the study. The data was recorded
on the 1
st day of the intervention and on the 18
th day of
intervention for each participant.
RESULTS
The  results  of  the  study  were  analyzed  in  terms  of
increase or decrease in Heart Rate, VO2max,RPE, SpO2
and comparison was made between the first and 18
th
day of the treatment. Statistical analysis was done by
GraphPad  InStat  (Trial  version)  software.  The  data
were entered into an excel spreadsheet, tabulated and
subjected  to  statistical  analysis.  Various  statistical
measures such a mean, standard deviation (SD) and
test of significance such as paired and unpaired ‘t’ test
were  utilized  to  analyze  the  data.  The  results  were
concluded to be statistically significant with p <0.05
and  highly  significant  with  p  <  0.001  and  not
significant  with p>0.05.  Paired  ‘t’  test  was  used  to
compare the differences of scores on pre-intervention
and post-intervention within a single group. Unpaired
‘t’ test was used to compare differences between the
two groups i.e. the control group (Group A) and the
study group (Group B).
Table 1: Table showing demographic data
Demographics Group A Group B
Age (years) 16.51+ 1.269 16.40+ 1.116
Height (mts) 1.5+ 0.0943 1.57+ 0.064
Weight (kgs) 54.17+ 6.853 52.10+ 4.408
BMI(kg/m
2) 22.12+1.773 21.02+ 1.323
Fig.1.The following graph shows the mean of parameters of participants in group A and group B on 1
st day &
18
th day.
Table.2:  Showing  mean  difference  of  outcome  measures  in  Group  A  and  Group  B and  their  Statistical
inference
Outcome Measure MEAN DIFFERENCE t df P Inference
Group A Group B
Heart Rate(b/m) 6.12±3.47 6.108±1.70 0.018 70 0.9851 Not Significant
SpO2 0.4±0.14 0.27±0.11 4.338 70 <0.0001 Highly Significant
RPE 4.06±0.63 4.22±0.55 1.142 70 0.2575 Not Significant
VO2max(ml/kg/min) 16.41±4.32 18.69±4.45 2.202 70 0.0310 Significant
The difference between parametsers for DWR on day
1 and on day 18were found to be extremely significant
for  HR  (p=  <0.0001)  and  RPE  (p=<0.0001)  and
VO2max (p=<0.0001),  very  significant  for  SpO2
(p=0.0058).  This  indicates  that the  interventions  in
form  of  Deep  water  running in  school  children  was
effective  in  improving  cardiovascular  parameters  in
terms of Heart rate, SpO2, RPE, and VO2max.
The difference between parameters for SWR on day 1
and on day 18 were found to be extremely significant
0
20
40
60
80
100
Group A Group B
Day1
79.37 80.1
98.14 98.37
5.6
40.1
139
Anerao et al., Int J Med Res Health Sci. 2014;3(1):137-143
taken.  Data  was  collected  and  recorded. All  the
students completed the study. The data was recorded
on the 1
st day of the intervention and on the 18
th day of
intervention for each participant.
RESULTS
The  results  of  the  study  were  analyzed  in  terms  of
increase or decrease in Heart Rate, VO2max,RPE, SpO2
and comparison was made between the first and 18
th
day of the treatment. Statistical analysis was done by
GraphPad  InStat  (Trial  version)  software.  The  data
were entered into an excel spreadsheet, tabulated and
subjected  to  statistical  analysis.  Various  statistical
measures such a mean, standard deviation (SD) and
test of significance such as paired and unpaired ‘t’ test
were  utilized  to  analyze  the  data.  The  results  were
concluded to be statistically significant with p <0.05
and  highly  significant  with  p  <  0.001  and  not
significant  with p>0.05.  Paired  ‘t’  test  was  used  to
compare the differences of scores on pre-intervention
and post-intervention within a single group. Unpaired
‘t’ test was used to compare differences between the
two groups i.e. the control group (Group A) and the
study group (Group B).
Table 1: Table showing demographic data
Demographics Group A Group B
Age (years) 16.51+ 1.269 16.40+ 1.116
Height (mts) 1.5+ 0.0943 1.57+ 0.064
Weight (kgs) 54.17+ 6.853 52.10+ 4.408
BMI(kg/m
2) 22.12+1.773 21.02+ 1.323
Fig.1.The following graph shows the mean of parameters of participants in group A and group B on 1
st day &
18
th day.
Table.2:  Showing  mean  difference  of  outcome  measures  in  Group  A  and  Group  B and  their  Statistical
inference
Outcome Measure MEAN DIFFERENCE t df P Inference
Group A Group B
Heart Rate(b/m) 6.12±3.47 6.108±1.70 0.018 70 0.9851 Not Significant
SpO2 0.4±0.14 0.27±0.11 4.338 70 <0.0001 Highly Significant
RPE 4.06±0.63 4.22±0.55 1.142 70 0.2575 Not Significant
VO2max(ml/kg/min) 16.41±4.32 18.69±4.45 2.202 70 0.0310 Significant
The difference between parametsers for DWR on day
1 and on day 18were found to be extremely significant
for  HR  (p=  <0.0001)  and  RPE  (p=<0.0001)  and
VO2max (p=<0.0001),  very  significant  for  SpO2
(p=0.0058).  This  indicates  that the  interventions  in
form  of  Deep  water  running in  school  children  was
effective  in  improving  cardiovascular  parameters  in
terms of Heart rate, SpO2, RPE, and VO2max.
The difference between parameters for SWR on day 1
and on day 18 were found to be extremely significant
Group B Group A Group B
Day18
80.1
73.25 74
98.37 98.54 98.64
5.67 1.5 1.45
39.77
56.51 58.46
139
Anerao et al., Int J Med Res Health Sci. 2014;3(1):137-143
taken.  Data  was  collected  and  recorded. All  the
students completed the study. The data was recorded
on the 1
st day of the intervention and on the 18
th day of
intervention for each participant.
RESULTS
The  results  of  the  study  were  analyzed  in  terms  of
increase or decrease in Heart Rate, VO2max,RPE, SpO2
and comparison was made between the first and 18
th
day of the treatment. Statistical analysis was done by
GraphPad  InStat  (Trial  version)  software.  The  data
were entered into an excel spreadsheet, tabulated and
subjected  to  statistical  analysis.  Various  statistical
measures such a mean, standard deviation (SD) and
test of significance such as paired and unpaired ‘t’ test
were  utilized  to  analyze  the  data.  The  results  were
concluded to be statistically significant with p <0.05
and  highly  significant  with  p  <  0.001  and  not
significant  with p>0.05.  Paired  ‘t’  test  was  used  to
compare the differences of scores on pre-intervention
and post-intervention within a single group. Unpaired
‘t’ test was used to compare differences between the
two groups i.e. the control group (Group A) and the
study group (Group B).
Table 1: Table showing demographic data
Demographics Group A Group B
Age (years) 16.51+ 1.269 16.40+ 1.116
Height (mts) 1.5+ 0.0943 1.57+ 0.064
Weight (kgs) 54.17+ 6.853 52.10+ 4.408
BMI(kg/m
2) 22.12+1.773 21.02+ 1.323
Fig.1.The following graph shows the mean of parameters of participants in group A and group B on 1
st day &
18
th day.
Table.2:  Showing  mean  difference  of  outcome  measures  in  Group  A  and  Group  B and  their  Statistical
inference
Outcome Measure MEAN DIFFERENCE t df P Inference
Group A Group B
Heart Rate(b/m) 6.12±3.47 6.108±1.70 0.018 70 0.9851 Not Significant
SpO2 0.4±0.14 0.27±0.11 4.338 70 <0.0001 Highly Significant
RPE 4.06±0.63 4.22±0.55 1.142 70 0.2575 Not Significant
VO2max(ml/kg/min) 16.41±4.32 18.69±4.45 2.202 70 0.0310 Significant
The difference between parametsers for DWR on day
1 and on day 18were found to be extremely significant
for  HR  (p=  <0.0001)  and  RPE  (p=<0.0001)  and
VO2max (p=<0.0001),  very  significant  for  SpO2
(p=0.0058).  This  indicates  that the  interventions  in
form  of  Deep  water  running in  school  children  was
effective  in  improving  cardiovascular  parameters  in
terms of Heart rate, SpO2, RPE, and VO2max.
The difference between parameters for SWR on day 1
and on day 18 were found to be extremely significant
58.46 Heart rate
SpO2
RPE
VO2max140
Anerao et al., Int J Med Res Health Sci. 2014;3(1):137-143
for HR (p= <0.0001) and RPE (p=<0.0001), VO2max
(p=<0.0001), and SpO2 (p=0.0004). This indicates that
the interventions in form of Shallow water running in
school  children  was effective  in  improving
cardiovascular  parameters  in  terms  of  Heart  rate,
SpO2, RPE, and VO2max.
The results between SWR and DWR on day 18 were
not significant in improving VO2max (p=0.2032), RPE
(p=0.5090),  SpO2 (p=0.3224),  HR  (p=0.2253).  This
indicates that both the interventions in form of Deep
water  running and  Shallow  water  running  in  school
children  were effective  in  improving  cardiovascular
parameters  in  terms  of  Heart  rate, SpO2,  RPE,  and
VO2max.
The  results  of  mean  differences  of  the  outcome
measures indicate that both Deep Water running and
Shallow water running improve Heart rate and RPE
similarly.  The VO2max is  improved  more  in  Deep
Water running as compared to Shallow Water Running
and  SpO2 is  best  improved  during  Shallow  Water
Running as compared to Deep Water Running.
DISCUSSION
The study conducted in Loni; to compare Deep water
running to Shallow water running. It is also believed to
be the first study in India to compare the two water
running techniques in hydrotherapy. This study titled
cardiovascular responses in deep water running versus
shallow  water  running  in  school  children  was
performed in school boys aged between 15 to 19 years.
This population was chosen to generalize the results
for  this  age  group.  This  study  was  conducted  at
Pravara swimming pool, Loni, was completed in the
month  of  November  2012.  The  results  of  the  study
indicated  that the  intervention  in  the  form  of  Deep
water  and  shallow  water  running in  school  children
was effective in improving cardiovascular parameters
in  terms  of  Heart  rate,  Spo2,  RPE,  and  VO2max and
were also comparable to other studies.
In  a  study  by  Chu  KS  et  al  in  2002
13 measured
maximal physiological responses to Deep-Water and
Treadmill Running in Young and Older Women, they
observed Lower HRmax values in  DWR for both age
groups  (p  <  .05).  Another  study  by  Town  GP  and
colleagues
14 concluded that HRmax values for SWR and
DWR were 88.6% and 86% of TMR, respectively. In a
Comparative study the authors Michaud et al
15 found
that heart rate were significantly greater (p < 0.05) for
treadmill running. These results when compared with
the present study; the mean heart rate of participants
during Shallow water running and deep water running
at  the  end  of  the  study  were  73.25+2.201  and
74.13+3.66 respectively.
Authors  noted  that  heart  rate  has  been  reported  to
decrease  during  head-out  water  immersion  exercise
compared with air.
16-19 The mechanism responsible for
the  lower  heart  rate  during  immersion  is  the
redistribution of blood volume from the periphery to
the central region. The increased hydrostatic pressure
of  the  water,  concomitant  with  peripheral
vasoconstriction to reduce heat loss forces peripheral
blood  into  the  thorax.  This  results  in  an  enhanced
venous  return  and  a  decreased  stroke  volume  while
maintaining cardiac output.
17 The possible explanation
for reduction of heart rate in this present study was in
accordance  with  an  explanation  given  by  Sophie
Heywood.
20 According  to  Sophie  Heywood;  the
hydrostatic pressure which is depth dependent; there is
increased  stroke  volume  and  cardiac  output.  The
Cardiac output (CO) is the product of Stroke volume
(SV) and Heart rate. Thus, during water immersion it
is found that heart rate is reduced.
20 The hydrostatic
pressure  causes  an  immediate  increase  in  venous
return,  right  atrium  pressure  and,  hence,  stroke
volume.  Increased  stroke  volume  allows  for  the
maintenance of cardiac output with lower HR as stated
by Christie et al. in  1990.
18 A reflex response of the
cardiovascular system to the cold receptors in the skin
could also have contributed to the depressed HR in the
water as the water temperature of 32.5 C is slightly
lower than thermo-neutral for the resting condition.
21
This  study  showed  extremely  significant  difference
between the SpO2 in SWR group at the start of the
study and SPO2 on at the end of the study (p<0.0001).
The mean SpO2 of participants in SWR at the end of
the study was 98.54±0.5054. The difference between
the SPO2 in DWR group at the start of the study and
SpO2 on at the end of the studywere very significant
(p<0.0001). The mean SpO2 of participants in DWR
on at the end of the study was 98.65 (SD= +0.4808).
These  results  are  comparable  with  other  studies.
Bishop et al.
22 reported a higher O2 pulse during DWR
compared  with  TMR.  Results  of  O2  pulse  during
DWR was 4.34 and 3.81 during TMR (p<0.01). The
higher O2 pulse during DWR was largely a result of
lower VO2 not that of higher HR.141
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The rate of perceived exertion measured in this study
was on the Borg’s (CR10) scale. In a study by authors
Hall et al studied the cardio-respiratory responses to
underwater  treadmill  walking  in  healthy  females;
found that the Borg scale of perceived exertion(6-20)
showed that walking in water at 4.5 and 5.5 km/hr was
significantly harder than on land (p<0.001).
23 It was
also concluded that walking in chest-deep water yields
higher energy costs than walking at similar speeds on
land.
23 These  responses  were  similar  to  the  present
study. The difference between the RPE on at the start
of the study and RPE on at the end of the study were
extremely significant (p<0.0001) for both the groups.
The difference between the VO2max on at the start of
the study and Vo2max on at the end of the study were
extremely significant (p=<0.0001) for both the groups.
These  results  where  comparable  with  a  study  by
Davidson K and McNaughton DK who examined the
ability  of  deep  water  running  training  to  improve
cardiovascular fitness in a young sedentary population.
24 Ten untrained female subjects were allocated into a
DWR  and  road  running  (RR)  group.  Subjects
underwent pre-test VO2max testing which was repeated
after  each  training  program.  Results  indicated  both
methods  produced  a  significant  increase  in  VO2max
compared  with  the  pre-test  without  a  significant
difference between the two.
Authors studied the intensity of exercise in deep-water
running and found that VO2 during the last session of
deep-water running (73% of maximum VO2) was not
significantly different from that of the treadmill hard
run (78%), but was significantly higher than that of the
treadmill normal run (62%).
25 In a comparative study
it  was found  that  peak  oxygen  consumption  was
significantly greater (p < 0.05) for treadmill running.
15
Although  at  a  similar  relative  exercise  intensity
treadmill running VO2, was significantly greater than
deep-water running. Several studies have shown that
maximal  oxygen  uptake  (VO2max)  attained  during
treadmill running  is  lowered  during  DWR.
16, 26-29
Town  and  Bradley in 1991  found  that  the  highest
values reached for VO2 and HR were 73.5 and 86% of
VO2 max and HR max on land, respectively.
28 A study
found VO2 and HR during DWR to be 86 and 91% of
those obtained on land.
27These findings are similar to
those reported in other studies.
27, 30 Responses to sub
maximal exercise on the treadmill and when immersed
to the neck have also been investigated.
30-32 A study
reported  lower  HR  during  DWR  than  treadmill
running at any given VO2.
30
Implications for practice: In the participants of this
study; it was found that both DWR and SWR serve as
effective tool in improving cardiovascular responses.
The above results point out that such form of exercise
if  given  as  a  form  aerobic  training  may  improve
cardiovascular  indexes  and  so  increases  cardio-
respiratory endurance and parameters. The results also
indicate  that  both  Deep  Water  running  and  Shallow
water running improve Heart rate and RPE similarly.
The VO2max is improved more in Deep Water running
and  SpO2 is  best  improved  during  Shallow  Water
Running so the intervention can be modified s per the
requirements of the participant.
In  addition  to  benefits  that physical  activity  has  on
physical health and fitness, physical activity also has a
positive influence on academic performance and self-
esteem. Because of the protective and health benefits
of  habitual  physical  activity,  it  is  important  that
children are physically active and that they continue
this behavior through adolescence into adulthood.
Aquatic  therapy  is  justifiably  a  rapidly  expanding,
beneficial  form  of  rehabilitation.  Understanding  the
theory of water techniques is essential in implementing
an  aquatic  therapy  program.  The  success  of  the
program  depends  on  the  pleasure  and  benefits
achieved by the patients. The environment should also
be  conductive  to  family  and  social  interaction  that
ultimately  encourages  the  compliance  of  long-term
exercise programs.
In  the  current  study;  all  the  boys  who  participated
successfully  completed  the  study  without  missing  a
single  session with  the  same  enthusiasm,  eagerness,
zeal  and  keenness  throughout  the  study. The  goals
established  at  the  initial  and  subsequent  evaluations
were met as quickly and as sensibly as possible.
Limitations of the study: Certain limitations of the
present  study  include  small  sample  size,  relatively
short term intervention, little follow up and the present
study  has  focused  only  on  boys  so  the  findings  are
applicable to patients within this category only.
Suggestions  for  future  research: Healthy  school
going boys who were between the age group of 15 to
19 years were included in this study. Since the study
included regular participation for continuous 6 weeks
girls were not included for the same. Therefore; further
study can be conducted to generalize the results for142
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female  population. Also;  this  study  was  the  first  to
measure the cardiovascular parameters changes during
water  running.  Since  the  study  was  conducted  in  a
rural  area,  adequate  instruments  to  measure  VO2max;
were  not  available.  Hence,  future  authors  who  are
interested in research can use a VO2max analyzer for
their study. Moreover; as the above mentioned results
cannot be generalized to all the types of age groups in
both  the  genders;  the  same  intervention  must  be
studied in another age group to see the effect of this
intervention in both the genders.
CONCLUSION
Thus accepting the alternate hypothesis and rejecting
the  null  hypothesis,  we  conclude  that  6  weeks  of
training given in terms of DWR and SWR is effective
in improving cardiovascular responses when measured
on PACER test, Borg’s Scale and Pulse oxymeter.
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